Background and aims: When to perform oesophagectomy for neoplastic progression in Barrett's oesophagus is controversial. Some resect for high grade dysplasia whereas others defer treatment until intramucosal adenocarcinoma is diagnosed. Interobserver agreement for a diagnosis of high grade dysplasia or intramucosal adenocarcinoma remains unknown and may have therapeutic implications. Methods: Histological slides from 75 oesophagectomy specimens with high grade dysplasia or T 1 adenocarcinoma were blindly reviewed by two gastrointestinal pathologists and one general surgical pathologist, and classified as high grade dysplasia, intramucosal adenocarcinoma, or submucosal adenocarcinoma. A subsequent re-review of all 75 cases by the same observers following establishment of uniform histological criteria was undertaken. Interobserver agreement was determined by kappa statistics. Coefficients <0.21, 0.21-0.40, 0.41-0.60, 0.61-0.80, and >0.80 were considered poor, fair, moderate, good, and very good agreement, respectively. Results: Interobserver agreement among all pathologists and between gastrointestinal pathologists when comparing high grade dysplasia with intramucosal adenocarcinoma was only fair (k=0.42; 0.56, respectively) and did not substantially improve on subsequent re-evaluation following establishment of uniform histological criteria (K=0.50; 0.61, respectively). Conclusions: When evaluating resection specimens and after implementation of uniform histological criteria, even experienced gastrointestinal pathologists frequently disagree on a diagnosis of high grade dysplasia versus intramucosal adenocarcinoma. Treatment strategies based on the histological distinction of high grade dysplasia from intramucosal adenocarcinoma using limited biopsy specimens should be re-evaluated.
B
arrett's oesophagus can be associated with a variety of complications including ulcer, stricture, bleeding, and most importantly, the development of adenocarcinoma. Histologically detected dysplasia arising in a background of specialised columnar epithelium (Barrett's oesophagus) frequently precedes the development of oesophageal adenocarcinoma. This observation has formed the basis of cancer surveillance protocols using endoscopy and biopsy in an attempt to identify patients at increased risk of developing oesophageal adenocarcinoma.
The exact point at which oesophagectomy should be performed remains controversial. While some authors advocate oesophagectomy for a biopsy diagnosis of high grade dysplasia [1] [2] [3] [4] others prefer to wait until intramucosal adenocarcinoma is detected. 5 6 We have observed in our own institution that the distinction between high grade dysplasia (HGD) and intramucosal adenocarcinoma (IMC), particularly when evaluating limited endoscopic biopsy material, can be difficult. In fact, even when the evaluation is undertaken by experienced gastrointestinal pathologists, considerable divergence of opinion is frequently observed.
Reid et al have shown a high degree of interobserver agreement among pathologists when attempting to distinguish low grade dysplasia from HGD and/or intramucosal carcinoma. 7 This study however involved only highly trained gastrointestinal pathologists, did not attempt to separate HGD from intramucosal carcinoma, and did not evaluate the effects of chance agreement using kappa statistics, a statistical method which calculates the extent to which the effects of chance contribute to interobserver agreement. Without taking into account the extent of chance agreement, the percentage agreement between observers can appear deceptively high when in reality only fair interobserver agreement may exist. To our knowledge, evaluation of interobserver agreement among pathologists in the distinction of Barrett's related HGD, IMC, and submucosal adenocarcinoma (SMC) has not been adequately addressed using kappa statistics.
The present study was designed to: (1) evaluate inter-and intraobserver agreement among gastrointestinal pathologists and general surgical pathologists using kappa statistics in the distinction of Barrett's related HGD, IMC, and SMC when evaluating optimal histological material-namely, oesophageal surgical resection specimens, and (2) to determine if intervention using uniform histological criteria can improve interobserver agreement among pathologists in the assessment of Barrett's related HGD and superficial adenocarcinoma.
MATERIALS AND METHODS

Selection of patients and histological material
Oesophageal resection specimens dating from 1987 to 1997 with Barrett's related HGD, IMC, or SMC were retrieved from the files of the Department of Anatomic Pathology. Patients with clinically advanced oesophageal adenocarcinoma treated with preoperative chemoradiotherapy followed by oesophagectomy and found to have superficial oesophageal adenocarcinoma at postoperative pathological evaluation were excluded from the study. A total of 75 cases were retrieved from the files in which haematoxylin and eosin stained slides were available for review. All histological slides (mean 22 slides per case) were reviewed by one author (AHO) and sections demonstrating the most extensive degree of HGD or the deepest extent of tumour involvement were selected. 
Histological specimens
The selected histological slides were reviewed independently by three pathologists, two gastrointestinal pathologists (22 and nine years' experience), and one general surgical pathologist (five years' experience), who were blinded as to the age, sex, race, and identity of the patient. Each case was categorised based on the deepest extent of oesophageal wall involvement as either HGD, IMC, or SMC by all three pathologists. To ensure that acceptable intraobserver agreement was present, one gastrointestinal pathologist (JRG) re-reviewed all histological slides 10 days following the first assessment.
Following independent review by all three pathologists, a consensus meeting was undertaken 18 months following the first histological review whereby uniform histological criteria for a diagnosis of HGD, IMC, and SMC were established. Using guidelines modified from the Inflammatory Bowel DiseaseDysplasia Morphology Study Group, 8 HGD was defined as intraepithelial neoplasia characterised by pronounced nuclear pleomorphism, hyperchromasia, and pseudostratification involving crypts and the luminal surface, also accompanied by architectural complexity. IMC was defined as penetration of neoplastic cells through the basement membrane to lie within the lamina propria or muscularis mucosa but not beyond. In addition, the presence of architecturally complex collections of neoplastic cells in the lamina propria that could not be explained by the presence of pre-existing Barrett's mucosa were categorised as IMC (see below). SMC was defined as infiltration of neoplastic cells into the submucosa, including penetration beyond a thickened double muscularis mucosa, a feature which is frequently encountered in Barrett's oesophagus.
To verify accurate learning and application of the uniform histological criteria, all three pathologists simultaneously evaluated microscopic sections demonstrating the above histological features at a multi-headed microscope during the consensus conference. Using these criteria, all histological sections were independently re-reviewed in a blinded fashion by the same three pathologists within one week of the consensus meeting. This re-review was undertaken 18 months following the first evaluation to ensure that any memory of individual histological specimens would not bias subsequent observations.
Statistical analysis
Inter-and intraobserver agreement was determined using kappa statistics (K). Kappa statistics are widely used and accepted mathematical coefficients which provide a measure of interobserver agreement. 9 The method of calculating kappa statistics adjusts the observed agreement for that expected by chance alone, not just the "extent of chance agreement", as it is never known what proportion of the agreement is actually due to chance-that is,
where P=proportion agreeing, P o = proportion observed, and P e =proportion expected. The proportion expected is calculated under the null hypothesis of no association between the two measures. The kappa statistic was first proposed by Cohen 10 and can have values of between −1 and +1, where negative values represent less agreement than expected by chance and positive values more agreement. A value of zero indicates no agreement better than that which would be expected by chance alone. Using previously described kappa coefficient intervals, values of <0.21, 0.21-0.40, 0.41-0.60, 0.61-0.80, and >0.80 were designated as poor, fair, moderate, good, and very good interobserver agreement, respectively. 9 While it is helpful to have some means of classifying kappa statistics in terms of whether they are "fair", "moderate", or "good", etc, no absolute definitions are possible. 9 Thus in practice the difference between a kappa statistic of 0.59 and 0.62, for instance, is minimal while such kappa statistics would be differentiated as "moderate" and "good", respectively, using the above schema.
Such cutoff points are more or less arbitrary. In practice, a kappa value much below 0.5 will indicate poor agreement although the degree of acceptable agreement must depend on the circumstances. Following both the first and second histological assessments by all three pathologists, interobserver agreement using kappa statistics, with accompanying p values and 95% confidence intervals, were calculated for all possible combinations of observers and diagnostic categories-namely, HGD versus IMC, IMC versus SMC, and HGD versus SMC. That is, in the assessment of HGD versus IMC, all cases with a diagnosis of SMC were simply excluded. Likewise, in the assessment of SMC versus IMC and HGD versus SMC, all cases with a diagnosis of HGD and IMC were excluded, respectively. The calculated Kappa coefficients at both histological assessments for all combinations of observers and diagnostic categories were compared to determine the extent of improvement in interobserver agreement attributable to the establishment of uniform histological criteria. p values demonstrate the statistical significance of the comparison against a null hypothesis value of K=0 (that is, no agreement beyond that expected by chance).
RESULTS
First histological assessment
The cohort included 71 men and four women, aged 46-83 years (mean 71). When taking into account the effects of chance agreement, overall interobserver agreement was only moderate between all observers (K=0.59; When interobserver agreement for a diagnosis of HGD versus IMC was evaluated, interobserver agreement was only moderate at best between all observers (K=0.42) and between the two gastrointestinal pathologists (K=0.56; table 2). Agreement for a diagnosis of IMC was seen in all cases where neoplastic cells filled the lamina propria and muscularis mucosa thus replacing the pre-existing Barrett's mucosa ( fig  1) . In addition, agreement for a diagnosis of HGD was seen in cases where the neoplastic cells did not transgress an intact basement membrane (fig 2) . Interobserver disagreement however was demonstrated when there was architectural complexity such that the glandular architecture could not be readily attributable to the presence of pre-existing Barrett's mucosa (fig 3) . That is, there was disagreement in cases with architectural complexity but lacking definite transgression of the basement membrane.
As expected, interobserver agreement with respect to a diagnosis of HGD versus SMC was very good for all combinations of observers (K=1.0). However, separation of IMC from SMC was less than perfect with an overall kappa value of 0.71 and a kappa of 0.76 between the gastrointestinal pathologists.
Intraobserver agreement was calculated for one gastrointestinal pathologist (GI-1) 10 days following the first histological assessment and was very good (K=0.98).
Second histological assessment
Overall interobserver agreement between all observers was good with a kappa coefficient of 0.65 (table 3) , an increase from 0.59 in the first assessment. The improvement was attributable to increased interobserver agreement in the diagnostic category of HGD (K=0.62 v 0.48; tables 1, 3), which was largely due to improved interobserver agreement between the Figure 3 A case in which disagreement for a diagnosis of high grade dysplasia versus intramucosal carcinoma was seen among the two gastrointestinal pathologists. The figure demonstrates neoplastic cells with a back to back architectural glandular arrangement that cannot be readily explained by the presence of pre-existing Barrett's mucosa. However, penetration of neoplastic cells through the basement membrane to lie within the lamina propria cannot be identified with certainty (haematoxylin and eosin, ×100).
second gastrointestinal pathologist (GI-2) and the general surgical pathologist (K=0.36 in round 1 v 0.58 in round 2). Interobserver agreement between the two gastrointestinal pathologists remained unchanged (K=0.68; tables 1, 3). The table of frequencies corresponding to the calculated kappa values in table 3 are included in the appendix.
When interobserver agreement for a diagnosis of HGD versus IMC was evaluated, kappa values were only modestly improved overall and between the gastrointestinal pathologists (tables 2, 4). As seen in the first histological assessment, agreement for a diagnosis of IMC was seen in cases where neoplastic cells filled the lamina propria and muscularis mucosa thus replacing the pre-existing Barrett's mucosa.
Interobserver disagreement however was again demonstrated when there was less extensive infiltration by neoplastic cells into the lamina propria or muscularis mucosa and where the architectural complexity was such that the histological appearance was not readily attributable to the presence of pre-existing Barrett's mucosa, as previously described (fig 3) .
Interobserver agreement in distinguishing HGD from SMC was again very good for all observer combinations (K=1.0). Overall interobserver agreement between IMC and SMC was essentially unchanged (K=0.74).
DISCUSSION
Barrett's oesophagus is a premalignant condition and as such most patients are followed in a surveillance programme by periodic endoscopy with biopsy. The goal of endoscopic surveillance is to identify a histological lesion which is a marker of increased risk of having, or subsequently developing, invasive adenocarcinoma, prompting therapy with curative intent. However, there is some disagreement about what the end point of endoscopic surveillance should be.
Some authors advocate oesophagectomy for a biopsy diagnosis of HGD. [1] [2] [3] [4] There are several arguments to support this approach. Superficially invasive adenocarcinoma has been found in up to 73% of patients undergoing oesophagectomy for a biopsy diagnosis of HGD. 1-4 11-15 At our institution, even in those patients with Barrett's oesophagus followed regularly with four quadrant biopsy specimens taken at 2 cm intervals using jumbo biopsy forceps, 33% of patients who underwent oesophagectomy for a preoperative diagnosis of HGD without gross or microscopic evidence of carcinoma harboured an unsuspected adenocarcinoma. 16 In contrast, Reid and colleagues 5 and Levine and colleagues 6 have reported the use of a vigorous biopsy protocol (four quadrant jumbo biopsies for every 1 cm of Barrett's mucosa as well as biopsies of any suspicious lesion) that reliably differentiates between HGD and invasive adenocarcinoma in patients with Barrett's oesophagus. Using this protocol, all 11 patients with a preoperative diagnosis of HGD that came to oesophagectomy were found to have HGD in their resected specimen. 5 6 However, the practicality and cost of this intense endoscopic surveillance technique has been questioned. 16 Furthermore, in the aforementioned studies, 5 6 five of 16 (31%) patients with a preoperative diagnosis of IMC that underwent oesophagectomy were found to have invasion of the submucosa in the resected specimen. 5 6 Underdiagnosis of SMC is of clinical importance given the five year survival rates, which are 73-79% for IMC versus 16-44% for SMC. 1 17-19 In addition, given the presence of lymphatic channels in the oesophageal mucosa, there is a 5-8% risk of lymph node metastasis even for those tumours limited to the intramucosal compartment. 1 19-22 Certainly, the above arguments must be balanced by the morbidity and mortality associated with oesophagectomy. In studies with large numbers of patients with oesophageal cancer, operative mortality rates range from 0% to 6% in patients with early stage oesophageal carcinoma. 1 2 4 11 22 Given the above discussion, separation of HGD from IMC on preoperative biopsy specimens is of more than academic interest and thus we have sought to determine how well pathologists agree on distinguishing between these lesions. In a sense, we optimised the ability of pathologists to agree on these diagnoses by using oesophageal resection specimens and by establishing uniform histological criteria by a consensus conference. Even under these circumstances there was only moderate interobserver agreement in the separation of HGD from IMC and only modest improvement when evaluated by experienced gastrointestinal pathologists.
Although IMC is defined anatomically, histological recognition of penetration by neoplastic cells through the basement membrane is sometimes difficult. In cases in which the lamina propria and muscularis mucosa were essentially filled by neoplastic cells, there was excellent interobserver agreement in the recognition of IMC. All cases in which there was observer disagreement however were characterised by a complex glandular architecture which was not readily explained by the presence of pre-existing Barrett's mucosa. The absence of a stromal desmoplastic reaction in IMC, unlike that seen when neoplastic cells infiltrate the submucosa, makes this distinction difficult. In addition, accurate recognition of the basement membrane and the muscularis mucosa can be difficult to determine in the background of a complex glandular architecture which can distort the normal appearance of these landmark structures.
Given the inability of pathologists, including experienced gastrointestinal pathologists, to agree in these equivocal cases, even after evaluating abundant histological material (that is, oesophageal resection specimens) and following establishment of uniform histological criteria, several issues arise. Firstly, histological evaluation of lesions falling within the spectrum between HGD and IMC can be so complex that even "expert" opinion may be called into question. Secondly, given the serious consequences to the patient of either undergoing oesophagectomy or failing to treat an undetected potentially curable invasive carcinoma, clinical treatment decisions which are reliant on histological distinction of HGD from IMC would require at the very least a very good level of interobserver agreement to be of any use in clinical practice. The results of the present study clearly show that the level of improvement both overall and for all combinations of observers, including the two gastrointestinal pathologists, in the distinction of HGD from IMC fell short of the degree of interobserver agreement needed in order to confidently make clinical treatment decisions. These results are summarised graphically in fig 4 where only the upper limit of the 95% confidence interval of the two gastrointestinal pathologists exceeded the very good interobserver agreement (K >0.80). This problem is likely to be compounded in routine clinical practice where this distinction is made preoperatively using only limited biopsy specimens. Thus the reliability of histological assessment in these equivocal cases and the validity of histomorphology as the "standard" upon which treatment decisions are made requires re-evaluation. In view of the fact that the distinction between HGD and intramucosal carcinoma cannot reliably be made on histologicalal evaluation, one could argue that both diagnostic entities should be regarded as one category that for practical purposes warrants consideration of the same treatment-that is, definitive surgical resection in surgical candidates.
These results may prompt consideration of biopsy reviews by specialist gastrointestinal pathologists at centres with demonstrated expertise and a multidisciplinary team approach to the evaluation of Barrett's related HGD and superficial adenocarcinoma. In fact, a stronger plea might be made for a qualified second opinion to cover all oesophageal dysplastic/carcinoma problems, as microscopy still remains the most widely available and well tested means of diagnosis. Adoption of a consensus terminology such as the Vienna classification of gastrointestinal epithelial neoplasia may also be helpful. 23 In a recent study, using this classification scheme, pathologists were able to increase interobserver agreement in the evaluation of neoplastic oesophageal lesions from very poor (K=0.01) to fair (K=0.31).
The results of the present study also highlight the need for further development and evaluation of sensitive and specific adjunctive biomarkers in an attempt to help resolve the shortcomings of histomorphology in the distinction of HGD from IMC. The most well studied biomarkers to date include ploidy assessed by flow cytometry, 24 mutated p53 tumour suppressor gene protein expression, [25] [26] [27] [28] and proliferative activity labelling index (Ki-67/MIB1) 29 30 via immunohistochemistry. These biomarkers have been identified in up to 89% of patients with both low and high grade epithelial dysplasia and in up to 100% of patients with invasive carcinoma while being only rarely expressed in normal control oesophageal biopsies. In addition, these biomarkers have been correlated with progression from benign Barrett's mucosa to epithelial dysplasia and invasive carcinoma. More recently, other biomarkers including cyclin D1, [31] [32] [33] a cell cycle regulation protein, and telomerase, 34 35 a protein that confers cell immortality, have been evaluated using both in situ hybridisation and immunohistochemical techniques. Both of these markers have also been correlated with progression along the Barrett's metaplasia-dysplasiacarcinoma sequence. However, there have been no significant differences in expression of any of these markers in HGD and IMC, and thus at this time there appears to be no clinical utility of these adjunctive techniques.
In conclusion, even with the benefit of abundant histological material (oesophagectomy specimens) assessed by experienced gastrointestinal pathologists using uniform histological criteria, the present study demonstrated that only moderate overall interobserver agreement can be achieved in distinguishing HGD from IMC. It is likely that this discrepancy is compounded when evaluating endoscopic biopsy specimens, which in clinical practice are the types of specimens that pathologists must evaluate prior to definitive therapy. Re-evaluation of treatment strategies based on histological distinction of HGD from IMC in endoscopic biopsy specimens is warranted.
APPENDIX
The table of frequencies corresponding to the calculated kappa values in the first and second histological assessments by observer and diagnostic category combinations are included in table A1.
